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METHOD AND PROGRAM FOR DESIGNING 
SEMICONDUCTOR INTEGRATED CIRCUIT 

INCORPORATION BY REFERENCE 

[0001] This application is based upon and claims the ben 
e?t of priority from Japanese patent application No. 2007 
186255, ?led on Jul. 17, 2007, the disclosure of Which is 
incorporated herein in its entirely by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to a design technique 
for a semiconductor integrated circuit. In particular, the 
present invention relates to a design technique in Which lay 
out around an element is considered. 
[0004] 2. Description of RelatedArt 
[0005] Characteristics of a transistor depend on “device 
parameters” such as gate length L, gate Width W, mobility [1, 
threshold voltage Vt and the like. When the transistor is 
actually manufactured, those device parameters are likely to 
vary from design values. The variations of the device param 
eters from the design values lead to variations of the transistor 
characteristics from expected values. It is therefore important 
to suf?ciently consider variation factors of the device param 
eters at circuit design, veri?cation and manufacturing stages. 
[0006] For example, a typical variation factor of a gate siZe 
(L and W) is OPE (Optical Proximity Effect) in photolithog 
raphy processes. Due to the OPE, a resist pattern may not be 
formed as intended, Which causes deviations of interconnec 
tion Width and gate siZe from the design values. In particular, 
the variation from the design value caused by the OPE 
becomes more conspicuous With increasing miniaturization 
of semiconductor manufacturing processes. Also, the OPE 
becomes remarkable in a case of a highpattem density. There 
fore, OPC (Optical Proximity Correction) is generally per 
formed, in Which the OPE is estimated to correct a mask data 
in advance (refer to US Publication 2007/0033558, for 
example). 
[0007] Japanese Laid-Open Patent Application J P-2003 
23080 discloses a technique to change a buffer cell depending 
on cell density in order to obtain a desired chip speed. More 
speci?cally, plural types of buffer cells having different driv 
ing capability are ?rst prepared, and then driving capability of 
a buffer cell is changed at a layout design stage depending on 
the cell density. 
[0008] Moreover, a layout pattern (or structure) surround 
ing a transistor can affect device parameters and characteris 
tics of the transistor. Such a peripheral factor affecting the 
characteristics includes: (1) gate pitch; (2) Well proximity 
effect; and (3) STI stress, for example. 
[0009] (l) The gate pitch is an interval betWeen a gate of a 
transistor and a gate of the adjacent transistor. The gate pitch 
affects, for example, ion dose in an ion injection process. It is 
knoWn that ON-current becomes larger as the gate pitch 
becomes smaller While ON-current becomes smaller as the 
gate pitch becomes larger. 
[0010] (2) The Well proximity effect is described, for 
example, in Japanese Laid-Open Patent Application J P-2007 
36249. More speci?cally, in a Well ion injection process, a 
part of the injection ions collide With an edge of a resist 
pattern to be scattered. The scattered ions intrude into an 
active region of the transistor, Which varies the threshold 
voltage Vt from the design value. This is the Well proximity 
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effect. The in?uence of the Well proximity effect becomes 
larger, as an interval betWeen an edge of the Well and an edge 
of the active region becomes smaller. 

[0011] (3) The STI stress, Which is stress imposed on a 
transistor from an STI (ShalloW Trench Isolation) that is a 
device isolation structure, affects the mobility i in a channel 
(refer to Japanese Laid-Open Patent Application JP-2006 
178907) When a Width of the STI becomes narroWer, the STI 
stress is increased, and thereby the mobility g and the ON 
current are changed. 

[0012] As described above, a peripheral pattern (peripheral 
structure) around a transistor causes variation of the transistor 
characteristics from the design values. That is to say, the 
transistor characteristics have “peripheral pattern depen 
dence”. If the peripheral pattern is different betWeen transis 
tors, the characteristics of the transistors after manufacturing 
may become different, even if the transistors have the same 
design. It is therefore important to consider the peripheral 
pattern dependence of transistor at the semiconductor inte 
grated circuit design and veri?cation stages. 
[0013] Japanese Laid-Open Patent Application JP-2006 
178907 discloses a method of circuit simulation in Which the 
STI Width is considered. According to the circuit simulation, 
the mobility p. Which is one of model parameters of a transis 
tor is corrected depending on the STI Width. More speci? 
cally, an approximate expression that expresses a relationship 
betWeen the STI Width and the mobility p. is created before 
hand based on actually measured values or the like. Prior to 
the circuit simulation, a designed STI Width (design value) is 
extracted based on the circuit layout. Then, the mobility p. as 
the model parameter is corrected by using the extracted STI 
Width and the above-mentioned approximate expression. 
After that, the circuit simulation is performed by using the 
corrected model parameter. Consequently, the transistor char 
acteristics dependent on the STI Width are considered and 
accuracy of the circuit simulation is improved. 

[0014] In this context, a tool is commercially available that 
modulates (corrects) a SPICE netlist used in a SPICE simu 
lation in consideration of the peripheral pattern dependence. 
The tool is hereinafter referred to as “pattem dependence 
consideration tool”. 

[0015] FIG. 1 is a schematic diagram for explaining a func 
tion of the pattern dependence consideration tool. First, a 
model (eg Au:f(X)) that expresses a relationship betWeen 
graphical information (eg STI Width X) and modulation 
amount (e.g. Au) of a SPICE model parameter is created 
through evaluation of TEG (Test Element Group). After that, 
the SPICE simulation of a cell is performed. 

[0016] Prior to the SPICE simulation, the pattern depen 
dence consideration tool reads a SPICE netlist (pre-modula 
tion cell netlist) of a target cell and a layout data (cell layout 
data) of the target cell. Subsequently, the pattern dependence 
consideration tool extracts the graphical information (X) 
from the cell layout data, and reWrites (modulates) the SPICE 
model parameter included in the pre-modulation cell netlist 
With reference to the above-mentioned model (AuIfQQ). As 
a result, a post-modulation cell netlist that is a SPICE netlist 
after the reWriting is generated. In the SPICE simulation, the 
post-modulation cell netlist output from the pattern depen 
dence consideration tool is used. Since the peripheral pattern 
dependence of transistor is re?ected in the SPICE netlist, the 
simulation accuracy is dramatically improved. It should be 
noted that the SPICE model parameter to be modulated is not 
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limited to the mobility p. but can include the gate length L, the 
gate Width W, the threshold voltage Vt or the like. 
[0017] Next, a method of designing and verifying a semi 
conductor integrated circuit by utilizing the pattern depen 
dence consideration tool Will be described With reference to 
FIG. 2. The pattern dependence consideration tool is used at 
a cell characterization stage. As mentioned above, the pattern 
dependence consideration tool reWrites the pre-modulation 
cell netlist based on the cell layout data to generate the post 
modulation cell netlist. After that, the SPICE simulation is 
performed by using the post-modulation cell netlist, and a 
delay value (expected value) of the cell is calculated. At this 
time, a gate size and the like of the transistor are set to corner 
values in consideration of manufacturing variability. As a 
result, cell delay values corresponding to the manufacturing 
variability can be obtained. A corner delay value is extracted 
from the calculated cell delay values, and a cell delay library 
that provides the corner delay value is generated. In this 
manner, the cell characterization is performed. 
[0018] At the design/veri?cation stage, a placement and 
routing tool performs cell placement and routing based on a 
netlist of a design circuit. As a result, a layout data indicating 
layout of the design circuit is generated. Next, a delay calcu 
lation tool reads the netlist, the generated layout data and the 
above-mentioned cell delay library, and calculates delay val 
ues in the design circuit. More speci?cally, the delay calcu 
lation tool calculates delay values of inter-cell interconnec 
tions, based on RC extracted from the layout data. The cell 
delay values (corner delay values) of cells are obtained from 
the cell delay library. Thus, a delay ?le indicating the cell 
delay values and path delay values is generated. 
[0019] Next, delay veri?cation (timing veri?cation) of the 
design circuit is performed. More speci?cally, the STA tool 
performs an STA (Static TimingAnalysis) based on the netlist 
and the generated delay ?le. If the veri?cation result is 
“FAIL”, the above-described placement and routing process 
is performed again to modify the layout data. The same pro 
cessing is repeated until the veri?cation result becomes 
“PASS”. 

[0020] With regard to the method shoWn in FIG. 2, there are 
the folloWing problems. FIG. 3 is a schematic diagram for 
explaining the problems, shoWing one example of a cell lay 
out used at the characterization stage. As an example, let us 
consider a primitive cell such as a NAND gate, an inverter or 
the like. The cell shoWn in FIG. 3 has PMOS transistors P1 to 
P3 and NMOS transistors N1 to N4 Which are formed in a 
region sandWiched betWeen a poWer supply line VDD and a 
ground line GND. The PMOS transistor P1 has diffusion 
regions PD1 and PD2 that are in contact With an STI. The 
PMOS transistors P2 has diffusion regions PD3 and PD4 that 
are in contact With the STI. A distance betWeen diffusion 
regions of the respective PMOS transistors P1 and P2 that are 
placed adjacent to each other, namely, a distance X2 betWeen 
the diffusion regions PD2 and PD3 is the “STI Width”. 
[0021] According to the method shoWn in FIG. 2, the pat 
tern dependence consideration tool extracts the graphical 
information (eg STI Width X) from the cell layout data to 
calculate the modulation amount (e. g. Au.) of the SPICE 
model parameter. As to the PMOS transistor P2 shoWn in FIG. 
3, the peripheral layout pattern (e. g. STI Width X2) is already 
knoWn and thus the SPICE model parameter can be modu 
lated. As to the PMOS transistor P1 placed at the outermost of 
the cell, on the contrary, not all peripheral layout pattern is 
knoWn at the characterization stage Where surrounding cells 
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(cells on the left and right sides) are not placed yet. In FIG. 3, 
for example, an STI Width X1 on the left side of the PMOS 
transistor P1 is not knoWn at the characterization stage but 
becomes knoWn at the subsequent cell placement process. 
Therefore, it is not possible to module the SPICE model 
parameter of the PMOS transistor P1 prior to the SPICE 
simulation. The same applies to the PMOS transistor P3, the 
NMOS transistors N1 and N4. 
[0022] In this manner, With regard to a transistor placed at 
an inWard area of the cell, it is possible by the above-de 
scribed method to consider the peripheral pattern dependence 
in the SPICE simulation. HoWever, With regard to the outer 
most transistorplaced near the cell boundary, it is not possible 
to consider the peripheral pattern dependence in the SPICE 
simulation since the peripheral layout pattern is unknoWn. In 
other Words, the peripheral pattern dependence cannot be 
fully considered at least With respect to the characteristics of 
the outermost transistor. Since the transistor characteristics 
affect the cell delay value, it cannot be said that the peripheral 
pattern dependence is fully considered in the generated cell 
delay library. Consequently, it cannot be said that the accu 
racy of the delay veri?cation (STA) is suf?cient. This con 
tributes to reduction of yield and reliability of the semicon 
ductor integrated circuit to be manufactured. 
[0023] In vieW of the above-described problems, the fol 
loWing tWo neW methods are suggested as alternatives to the 
method shoWn in FIG. 2. 

[0024] According to the ?rst method, types of cells adjacent 
to a target cell are assumed at the characterization stage for 
the target cell. The pattern dependence consideration tool 
modulates the cell netlist based on layout data of the assumed 
adjacent cells in addition to the cell layout data of the target 
cell. The resultant post-modulation cell netlist is used in the 
SPICE simulation so that the cell delay value of the target cell 
is calculated. The same processing is repeated With setting the 
adjacent cell type variously (for each of prepared types). As a 
result, plural kinds of cell delay values corresponding to 
respective combinations of the adjacent cells are obtained. 
Then, the cell delay library is generated based on the obtained 
plural kinds of cell delay values. The peripheral pattern 
dependence of the outermost transistors in the cell is consid 
ered in the generated cell delay library. HoWever, the time 
(TAT) required for the cell characterization is increased as 
compared With that in the method shoWn in FIG. 2. 

[0025] Furthermore, the ?rst method is disadvantageous in 
that the corner condition of the cell delay value becomes 
stricter as compared With that in the method shoWn in FIG. 2. 
FIG. 4 schematically shoWs the comer condition (comer 
delay value) provided by the cell delay library. According to 
the method shoWn in FIG. 2, a delay value distribution cor 
responding to only the normal manufacturing variability is 
obtained. According to the ?rst method, on the contrary, the 
various types of adj acent cells are assumed and thus a plural 
ity of delay value distributions having different center delay 
values are obtained. Therefore, a variability range of the delay 
value of each cell is expanded as compared With the case 
Where the adjacent cells are not assumed. That is to say, a 
“margin” corresponding to the difference of the combination 
of adjacent cells is further added to the variability range of the 
delay value of each cell. This means that the corner condition 
(comer delay value) becomes stricter. 
[0026] At the circuit design/veri?cation stage, it is neces 
sary to perform the layout design such that the design circuit 
can operate even in the comer condition. In other Words, it is 
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necessary to repeat the layout design and delay veri?cation 
until the design circuit operates in the corner condition. 
Therefore, When the corner condition becomes stricter, the 
number of the repetition times is inevitably increased and thus 
the time (TAT) required for the circuit design/veri?cation is 
increased. Moreover, since the margin is added to the cell 
delay value such that every adjacent cell types can be sup 
ported, it is necessary to increase driving capability of tran 
sistors and/ or to additionally insert redundant cells. This leads 
to increase in a chip area and poWer consumption. According 
to the ?rst method, as described above, the design/veri?cation 
TAT, chip area and poWer consumption are increased 
although the peripheral pattern dependence is fully consid 
ered. 
[0027] According to the second method, the cell character 
iZation is performed as in the case of the method shoWn in 
FIG. 2. As a result, the cell delay library in Which the periph 
eral pattern dependence is partially considered is generated. 
After that, the pattern dependence consideration tool is uti 
liZed again at the circuit design/veri?cation stage. More spe 
ci?cally, the pattern dependence consideration tool modu 
lates the SPICE netlist of each cell With reference to the 
chip -level layout data generated in the placement and routing 
process. Subsequently, the SPICE simulation of each cell is 
performed again by using the post-modulation netlist, and a 
“difference (variation)” from the cell delay value given by the 
cell delay library is calculated. The calculated difference is 
re?ected in the delay ?le. In this manner, the peripheral pat 
tern dependence can be considered With regard to the outer 
most transistor in the cell. 
[0028] The same processing is repeated for all cells (for 
example, millions of cells) included in the design circuit. That 
is to say, the modulation of the SPICE netlist and the SPICE 
simulation are executed for millions of times at the cell 
design/veri?cation stage. Thus, the design/veri?cation TAT is 
increased also in the second method, although the peripheral 
pattern dependence is fully considered. 
[0029] According to the related techniques, as described 
above, While the peripheral pattern dependence is considered, 
the design/veri?cation TAT is increased. A technique is 
desired Which can prevent the increase in the design/veri?ca 
tion TAT for the semiconductor integrated circuit, While con 
sidering the peripheral pattern dependence of the transistor 
characteristics su?iciently. 

SUMMARY 

[0030] In the present invention, a design technique that 
utiliZes a delay library for use in the statistical STA is pro 
vided. The statistical STA delay library provides a delay 
function that expresses a cell delay value as a function of a 
model parameter of a transistor in the cell. 
[0031] In a ?rst aspect of the present invention, a method of 
designing a semiconductor integrated circuit is provided. The 
design method includes: (A) generating a delay library foruse 
in the statistical STA; (B) generating a layout data indicating 
a layout of the semiconductor integrated circuit; and (C) 
calculating a delay value of a target cell included in the 
semiconductor integrated circuit, based on the delay library 
and the layout data. The calculating the delay value of the 
target cell includes: 
referring to the layout data to extract a parameter that speci 
?es a layout pattern around a target transistor included in the 
target cell; modulating a model parameter of the target tran 
sistor such that a characteristic of the target transistor corre 
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sponding to the extracted parameter is obtained in a circuit 
simulation; calculating, by using the delay function, a refer 
ence delay value that is a reference of a delay value of the 
target cell; and calculating, by using the delay function and 
the modulation amount of the model parameter in the above 
mentioned modulating, a delay variation from the reference 
delay value depending on the modulation amount. 

[0032] In this manner, the parameter (peripheral parameter) 
related to the peripheral pattern dependence of the transistor 
characteristics is considered. More speci?cally, at the cell 
delay value calculation stage, the peripheral parameter is 
extracted from the layout data and the model parameter of the 
transistor is modulated depending on the extracted peripheral 
parameter. Furthermore, a delay variation depending on the 
modulation amount of the model parameter is calculated by 
using the statistical STA delay library and the modulation 
amount of the model parameter. A cell delay value can be 
obtained by adding the calculated delay variation to the ref 
erence delay value, Wherein the peripheral pattern depen 
dence is fully considered. 

[0033] Therefore, the accuracy of the delay veri?cation is 
improved. Consequently, yield and reliability of the semicon 
ductor integrated circuit to be manufactured are also 
improved. Moreover, it is not necessary to repeat the SPICE 
simulation at the circuit design/veri?cation stage. Therefore, 
increase in the design/veri?cation TAT can be prevented. 

[0034] Furthermore, the margin such as shoWn in FIG. 4 is 
not added to the delay value of each cell. Although a center 
value of the calculated cell delay value may vary from the 
normal one, the variability range is the same as the normal 
one. As a result, the number of repetition times of the layout 
design and delay veri?cation is prevented from being 
increased. Therefore, the increase in the design/veri?cation 
TAT can be prevented. Moreover, it is not necessary to 
increase driving capability of transistors and/or to addition 
ally insert redundant cells. Therefore, the increase in the chip 
area and poWer consumption can be prevented. 

[0035] In a second aspect of the present invention, a design 
program recorded on a computer-readable medium is pro 
vided. When executed, the design program causes a computer 
to perform the above-mentioned design method. 
[0036] In a third aspect of the present invention, a delay 
calculation program recorded on a computer-readable 
medium is provided. When executed, the delay calculation 
program causes a computer to perform a method of calculat 
ing a delay value of a cell in a semiconductor integrated 
circuit. The method includes: (a) reading a layout data indi 
cating a layout of the semiconductor integrated circuit from a 
memory device; (b) reading a delay library for use in the 
statistical STA from the memory device; and (c) calculating a 
delay value of a target cell included in the semiconductor 
integrated circuit, based on the delay library and the layout 
data. The calculating the delay value of the target cell 
includes: referring to the layout data to extract a parameter 
that speci?es a layout pattern around a target transistor 
included in the target cell; modulating a model parameter of 
the target transistor such that a characteristic of the target 
transistor corresponding to the extracted parameter is 
obtained in a circuit simulation; calculating, by using the 
delay function, a reference delay value that is a reference of a 
delay value of the target cell; and calculating, by using the 
delay function and the modulation amount of the model 
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parameter in the above-mentioned modulating, a delay varia 
tion from the reference delay value depending on the modu 
lation amount. 

[0037] According to the present invention, it is possible to 
prevent the increase in the design/veri?cation TAT for the 
semiconductor integrated circuit, While considering the 
peripheral pattern dependence of the transistor characteristics 
suf?ciently. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] The above and other objects, advantages and fea 
tures of the present invention Will be more apparent from the 
folloWing description of certain preferred embodiments taken 
in conjunction With the accompanying draWings, in Which: 
[0039] FIG. 1 is a schematic diagram for explaining a func 
tion of a pattern dependence consideration tool; 
[0040] FIG. 2 is a schematic diagram shoWing a method of 
designing and verifying a semiconductor integrated circuit by 
utiliZing the pattern dependence consideration tool; 
[0041] FIG. 3 is a plan vieW schematically shoWing one 
example of a cell layout; 
[0042] FIG. 4 is a schematic diagram shoWing comer delay 
values (comer conditions) provided by a cell delay library; 
[0043] FIG. 5 is a plan vieW for explaining a peripheral 
pattern of a cell that is considered in an embodiment of the 
present invention; 
[0044] FIG. 6 is a block diagram shoWing a design How of 
a semiconductor integrated circuit according to the embodi 
ment of the present invention; 
[0045] FIG. 7 is a ?owchart shoWing a method of designing 
a semiconductor integrated circuit according to the embodi 
ment of the present invention; 
[0046] FIG. 8 is a block diagram for explaining one 
example of cell characterization in the embodiment of the 
present invention; 
[0047] FIG. 9 is a block diagram for explaining one 
example of cell placement and routing process in the embodi 
ment of the present invention; 
[0048] FIG. 10 is a block diagram shoWing one example of 
a method of generating a delay ?le in the embodiment of the 
present invention; 
[0049] FIG. 11 is a block diagram shoWing another 
example of a method of generating a delay ?le in the embodi 
ment of the present invention; 
[0050] FIG. 12 is a block diagram shoWing a method of 
converting a model parameter; 
[0051] FIG. 13 is a block diagram shoWing still another 
example of a method of generating a delay ?le in the embodi 
ment of the present invention; and 
[0052] FIG. 14 is a block diagram shoWing a con?guration 
example of a design system according to the embodiment of 
the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0053] The invention Will be noW described herein With 
reference to illustrative embodiments. Those skilled in the art 
Will recogniZe that many alternative embodiments can be 
accomplished using the teachings of the present invention and 
that the invention is not limited to the embodiments illustrated 
for explanatory purposed. 
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[0054] 1. Outline 
[0055] According to the present embodiment, the periph 
eral pattern dependence of the transistor characteristics is 
considered. A layout pattern around (surrounding) a transis 
tor is hereinafter referred to as “peripheral pattern” of the 
transistor. A parameter that speci?es the peripheral pattern is 
hereinafter referred to as a “peripheral parameter”. The 
peripheral pattern of a transistor can be speci?ed by various 
peripheral parameters. 
[0056] For example, in the present embodiment, “gate 
pitch” and “STI Width (inter-dif?lsion-region distance)” are 
considered as peripheral parameters related to the peripheral 
pattern dependence. The gate pitch is an interval betWeen a 
gate of a certain transistor and a gate of a peripheral transistor 
placed adjacent to the certain transistor. The STI Width is a 
Width of an STI as a device isolation structure surrounding a 
transistor. More speci?cally, the STI Width is a Width of an 
STI betWeen a certain transistor and a peripheral transistor 
placed adjacent to the certain transistor, Which is equivalent to 
a distance (inter-dif?lsion-region distance) betWeen diffusion 
regions of the respective transistors. Either the gate pitch or 
the STI Width may be considered instead of both of them. 
[0057] FIG. 5 is a plan vieW for explaining the peripheral 
parameters. In particular, FIG. 5 shoWs peripheral parameters 
Which are unknoWn at the cell characterization stage. As an 
example, let us consider a primitive cell such as a NAND gate, 
an inverter or the like. 
[0058] The cell shoWn in FIG. 5 has PMOS transistors P1 to 
P3 and NMOS transistors N1 to N4. The PMOS transistors P1 
to P3 and the NMOS transistors N1 to N4 are formed in a 
region sandWiched betWeen a poWer supply line VDD and a 
ground line GND. A boundary (cell boundary) betWeen the 
cell and adjacent cells is expressed by a reference numeral 
CBR. The PMOS transistors P1 and P3 and the NMOS tran 
sistors N1 and N4 are outermost transistors Which are placed 
at the outermost in the cell, namely, near the cell boundary 
CBR. On the other hand, the PMOS transistor P2 and the 
NMOS transistors N2 and N3 are placed at an inWard area of 
the cell as compared With the outermost transistors. In other 
Words, each of the PMOS transistor P2, NMOS transistors N2 
and N3 is sandWiched by other tWo transistors Within the cell. 
[0059] As to the transistors P2, N2 and N3 placed at the 
inWard area of the cell, all the gate pitch and STI Width can be 
extracted from a layout data of the cell. As to the outermost 
transistors P1, P3, N1 and N4, on the other hand, not all the 
gate pitch and STI Width can be extracted only from the layout 
data of the cell. The reason is that the peripheral pattern of the 
cell is not included in the layout data of the cell. 
[0060] Therefore, the peripheral pattern of the cell is sup 
posed (assumed). In the example shoWn in FIG. 5, PMOS 
transistors PL and PR and NMOS transistors NL and NR are 
supposed to be placed around the cell. 
[0061] As an example, let us consider the PMOS transistor 
P1 and the PMOS transistor PL. The PMOS transistor PL 
(peripheral transistor) is supposed to be placed adjacent to the 
PMOS transistor P1 across the cell boundary CBR. The 
PMOS transistor P1 has a gate G1 and diffusion regions PD1 
and PD2. The diffusion regions PD1 and PD2 are surrounded 
by the STI. On the other hand, the PMOS transistor PL has a 
gate GL1 and diffusion regions PLD1 and PLD2. The diffu 
sion regions PLD1 and PLD2 are surrounded by the STI. 
[0062] In this case, a gate pitch PGP_L is an interval 
betWeen the gate G1 of the PMOS transistor P1 and the gate 
GL1 of the PMOS transistor PL. An inter-diffusion-region 
distance PDS_L is a distance betWeen the diffusion region 
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PD1 of the PMOS transistor P1 and the diffusion region 
PLD2 of the PMOS transistor PL. The inter-diffusion-region 
distance PDS_L is equivalent to a Width of the STI betWeen 
the PMOS transistor P1 and the PMOS transistor PL. The gate 
pitch PGP_L and the STI Width PDS_L specify a relative 
position of a layout pattern of the peripheral transistor PL 
With respect to a layout pattern of the PMOS transistor P1. 
The gate pitch PGP_L and the inter-diffusion-region distance 
(STI Width) PDS_L, Which are the peripheral parameters 
affecting characteristics of the PMOS transistor P1, are 
unknoWn at the cell characteriZation stage. 
[0063] Similarly, With regard to the PMOS transistor P3 
and the PMOS transistor PR Which are adjacent to each other 
across the cell boundary CBR, a gate pitch PGP_R and a STI 
Width PDS_R can be de?ned. Also, With regard to the NMOS 
transistor N1 and the NMOS transistor NL, a gate pitch 
NGP_L and a STI Width NDS_L can be de?ned. Also, With 
regard to the NMOS transistor N4 and the NMOS transistor 
NR, a gate pitch NGP_R and a STI Width NDS_R can be 
de?ned. 
[0064] Although the peripheral parameters (PGP_L, PDS_ 
L, PGP_R, PDS_R, NGP_L, NDS_L, NGP_R and NDS_R) 
shoWn in FIG. 5 affect characteristics of the outermost tran 
sistors Within the cell, they are unknoWn at the cell charac 
teriZation stage. It is therefore particularly important to con 
sider the peripheral parameters at the circuit design stage. 
[0065] Moreover, according to the present embodiment, a 
design technique for a semiconductor integrated circuit takes 
“statistical STA (SSTA: Statistical Static Timing Analysis)” 
into account. The statistical STA, Which is one type of STA, 
can address the manufacturing variability more precisely as 
compared With a normal STA. Speci?cally, the statistical STA 
can statistically (stochastically) treats variation of the cell 
delay value caused by the manufacturing variability. For that 
purpose, a cell delay library for use in the statistical STA, 
Which is referred to as a “statistical STA delay library” here 
inafter, provides a delay function that expresses the cell delay 
value dependent on the manufacturing variability. 
[0066] The delay function expresses a delay value t of a cell 
as a function of model parameter X of a transistor in the cell 
(tIfQQ). In general, the delay function is given by a combi 
nation of a design value (nominal value) t0 of the cell delay 
value t and a delay variation of the cell delay value t from the 
nominal value t0. The delay variation can be expressed as a 
function of variation AX of the model parameter X from its 
design value. Therefore, it can also be said that the delay 
function expresses a delay value t of a cell as a function of 
variation AX of the model parameter X (t:f(AX)). The delay 
function is given by, for example, a ?rst-order linear function 
as represented by the folloWing equation (1). 

I : f(AX) Equation (1) 

[0067] In the equation (1), the AL, AW and Au. respectively 
are variations of gate length L, gate Width W and mobility u. 
that are SPICE model parameters (instance parameters). The 
suf?x i indicates respective transistors constituting the cell. 
The (xi, [3,- and y,- are sensitivity coef?cients. The sensitivity 
coe?icients are so determined as to re?ect variations of the 
cell delay value t caused by the manufacturing variability. As 
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indicated by the equation (1), the cell delay value t is 
expressed by a ?rst-order linear combination of the variations 
(AXIAL, AW, Ap. . . . ) of the model parameters. Such a delay 
function is generated for each cell. 
[0068] In calculating a cell delay value by the use of the 
statistical STA delay library, the variation AX corresponding 
to the manufacturing variability is given. More speci?cally, a 
probability distribution of the variation AX of the model 
parameter in Which the manufacturing variability is re?ected 
is given. Consequently, a probability distribution of the cell 
delay value t in Which the manufacturing variability is 
re?ected is obtained. That is to say, it is possible to stochas 
tically calculate the variation of the cell delay value t caused 
by the manufacturing variability. 
[0069] FIG. 6 and FIG. 7 respectively are a block diagram 
and a ?oWchart shoWing a design ?oW for a semiconductor 
integrated circuit according to the present embodiment. The 
design processing according to the present embodiment Will 
be described With reference to FIG. 6 and FIG. 7. 

[0070] Step S10: 
[0071] According to the present embodiment, the statistical 
STA delay library LIB is generated at the time of cell char 
acteriZation (Step S11). The statistical STA delay library LIB 
provides the delay function that is expressed by the above 
equation (1) for example. At the cell characterization stage, 
the peripheral pattern dependence needs not be considered. 
Alternatively, the peripheral pattern dependence may be con 
sidered With respect to transistors (e.g. P2, N2 and N3 in FIG. 
5) placed at the inWard area of the cell, at the cell character 
iZation stage (refer to FIG. 1 and FIG. 2). 
[0072] Step S20: 
[0073] Next, at the circuit design stage, a placement and 
routing tool 20 performs cell placement and routing based on 
the cell-based design technique to generate a chip-level lay 
out data LAY indicating a layout of a design circuit (inte 
grated semiconductor circuit). At this stage, an actual layout 
pattern around the cell is determined. 

[0074] Step S30: 
[0075] Next, a delay ?le SDF that is used in timing veri? 
cation (delay veri?cation) is generated based on the generated 
layout data LAY and the above-described statistical STA 
delay library LIB. 
[0076] First, the pattern dependence consideration tool 10 
modulates the model parameterX With respect to each of cells 
included in the design circuit. As an example, let us consider 
a case Where the model parameter X regarding a certain cell 
(target cell) is modulated. First, the pattern dependence con 
sideration tool 10 refers to the chip-level layout data LAY to 
extract the peripheral parameters (gate pitch and STI Width) 
associated With a target transistor included in the target cell 
(Step S31). At this time, actual peripheral parameters can be 
extracted With respect to the outermost transistors (e.g. P1, 
P3, N1 and N4 in FIG. 5) Which are placed at the outermost in 
the cell. 

[0077] Subsequently, the pattern dependence consideration 
tool 10 modulates the model parameter X of the target tran 
sistor based on the extracted peripheral parameters (Step 
S32). The modulation method is the same as that explained in 
FIG. 1. The modulation amount of the model parameter X by 
the pattern dependence consideration tool 10 is AX'. The 
modulation amount AX' is obtained by considering the 
peripheral pattern dependence. Therefore, transistor charac 
teri stics corresponding to the extracted peripheral parameters 












